arXiv:hep-ph/0407192 v1 16 Jul 2004

Possible Chandra-Mechanism for Generation Bound

Kazuo Koike

Department of Natural Science, Kagawa University, Takamatsu 7608522, Japan

Abstract

In the generation structure, the quark mass increases extremely rapidly with the increase of generation index, and there is the bound for generation number. The ground for this bound is investigated on the basis of a certain kind of composite model of leptons and quarks, in which they are supposed to be composed of sub-constituents with fermi statistics. Possible Chandrasekhar-like mechanism for generation bound is proposed.

1. Introduction

The masses of leptons and quarks extremely rapidly increase accompanied with the generation number. Especially, it is surprising that the top-quark mass is larger than the u-quark mass about a factor 10^4. That is, the u quark mass is estimated as a few MeV order by making use of current algebra,^{1)} while the mass of top quark is about 178 GeV. The other remarkable fact is the existence of bound for number of generations. Is it possible to understand these facts in a unified way? This paper is concerning to this problem.

It is known that the number of generation is restricted^{2)} to just 3 so far as the neutrino masses are bound below m_Z/2. This 3 generation structure is explained by choosing an appropriate symmetry group as the initial condition in the standard gauge theory or GUTs. The symmetry concerning to the repeated generation structure called as the “horizontal symmetry” is badly broken, because the quark mass increases extremely rapidly with the increase of generation number. Several theoretical approaches have suggested the existence of upper-bound of generation number. Asymptotic free condition^{3)} in QCD restricted it below 8. Nishijima has shown^{4)} that color confinement condition based on BRS transformation restricts it below 4. On the other hand, generation structure has been investigated on the basis of the exceptional group, by making use of finiteness of rank of this group. Especially, it should be noted that the quasi Nambu-Goldstone fermion model^{5)} of leptons and quarks based on E_7/SU(5)×SU(3)×U(1) gives at most the 3 generation structure.^{6)} Though these approaches are very interesting and important, it should be noted that these are extensive approach based on the consistency condition for realizing the object. As a complementary approach, we will investigate in this paper the problem of generation bound on the basis of a certain kind of composite model of lepton and quarks. The basic motivation leading to our approach is that (1) the quark mass increases extremely rapidly with the increase of generation number, (2) there is the bound for generation number.

As a proto type, we will construct a model concerning to this problem on analogy of Chandrasekhar mechanism.^{7)} 2. Composite model and sub-constituent with fermi statistics

It is known that Chandrasekhar have ever shown that the white dwarf has its upper bound of mass^{7)} due to the pressure of degeneracy of electron. We will take a composite model of leptons and quarks in which they are composed of a certain kind of sub-constituents obeying the fermi statistics. As the constructive force of leptons and quarks, the very short-range effective force acting on only the mass of sub-constituents with specific quantum number is assumed. That is, our system is as is the gas of sub-constituents obeying fermi-statistics, and it is support by degenerate pressure. The generation number will be assumed, for the time being, to be given by generation suffix of sub-constituent and the mass will increase extremely rapid according to the increase of generation number. The derivation of upper bound of mass of composite system is similar to the Chandrasekhar’s one.

3. Equilibrium equation and mass of composite system

In first, we will introduce the very short-range effective force acting on only the mass of sub-constituents. In the center of mass system of composite system, we will suppose the force given by Yukawa potential for unit mass, V (r) = − G_s e^{−μr} r , (1)

where G_s and μ are supposed to be extremely large to realize short range strong force. For small r, Eq. (1) is represented as, V (r) = − G_s r , (2)

It should be noted that Eq. (2) is the same form as ordinary potential of gravity except G_s. According to Chandrasekhar,^{7)} we will assume spherical symmetric composite system which is characterized by pressure P (r) and density distribution ρ(r). The dynamical equilibrium condition between inner and outer forces gives the following equation, dP (r) dr = − G_sM(r) r^2 ρ(r), (3) where M(r) represent the quantity of matter inside the surface with radius r, M(r) = ∫_r 0 4πρ(r)r^2dr. (4) In order to resolve equilibrium equation Eq. (3),the other equation of state is required.

In the case of star, the polytrope equilibrium based on Emden’s model is often assumed. In our case, there is no reason on this equilibrium. Then, we will simply replace Eq. (3) and Eq. (4) as, P_c R ∼ G_sMρ_c R^2 , M ∼ 4π 3 R^3ρ_c, (5)

where P_c and ρ_c represent the pressure and density in the center of composite system. It should be noted that this treatment corresponds to the case when the gradient of pressure is uniform in composite system. From Eq. (5), we have

M ∼ [ 1 G^3_s

P^3_c ρ^4_c ]_{1/2} . (6)

In the case when the polytrope equilibrium is assumed, it is known that

M_n = [ f_n 1 G^3_s

P^3_c ρ^4_c ]_{1/2} (7) instead of Eq. (6), where f_n is the polytropic index of magnitude of order 1.

4.The pressure of degenerate fermi gas

In the cubic space with the side length L, the number of fermion N below fermi surfaces given as

N = 8π ∫_{PF} 0 p^2dp (h/L)^3 . (8)

Then the number density of fermion is given as n = N V = (π^2ℏ^3)^{−1} ∫_{PF} 0 p^2dp. (9)

From Eq. (9), the fermi momentum P_F is given as

P_F = (3π^2ℏ^3n)^{1/3}. (10)

In the relativistic case in which the sub-constituents fermions have sufficiently high energy, the energy of sub-constituents ϵ is ϵ = cp for sufficiently large momentum, then the collective energy of N-body system is given as

E = V (π^2ℏ^3)^{−1} ∫_{PF} 0 (cp) p^2dp, (11)

then, the degenerate pressure is given as P = − dE dV = (3π^2)^{1/2} ( ℏc 4 ) n^{4/3}. (12)

The density ρ is related to the number density n by

ρ = m_sn, (13)

where m_s is effective mass associated with the sub-constituents. In the case of degenerate star, it is given by the nucleon mass associated with one electron.

5. Possible Chandra mechanism in composite model

From Eq. (12) and Eq. (13), the degenerate pressure P is is given as

P = (3π^2)^{1/2} ( ℏc 4 ) m^{−4/3}_s ρ^{4/3}. (14)

Then, from Eq. (6) it is seen that the upper mass supported by degenerate pressure does not depend on density ρ_c. The explicit representation of this upper mass of our composite system is

M_s ∼ [ (3π^2)^{3/2}(ℏc/4)^3 G^3_s m^4_s ]_{1/2} . (15)

6. Model of the generation bound

In order to see the possible applicability to composite model of leptons and quarks, we will estimate the magnitude of our coupling constant G_s. It is surprising that the mass of particles of the third generation is extremely large in the view of symmetry breaking. Especially, it should be noted that the mass of top quark t is extremely larger than charm quark c about factor 10^2. For simplicity, we will suppose the hidden mass of fourth generation up-quark is large than t about factor 10^2 interpolating the previous factor. Thus, we will take, for example, M_s ∼ 10 TeV and m_s ∼ m_{top}, then

G_s ∼ 1.17 × 10^{−5} ℏc (GeV/c^2)^{−2}. (16)

This value seems to be not so extreme one, compared with some other coupling constants.^{∗)} However, this coupling constant G_s is very large compared with the gravitational constant^{1)} G_N , which is known to be extremely small,^{∗∗)}

G_N = 6.71 × 10^{−39} ℏc (GeV/c^2)^{−2}. (17)

Thus, the existence of upper mass bound is shown in our composite system. Under the existence of such upper bound of mass of composite system, what phenomena will appear when large energy above the upper bound is localized. In the case of star in AGB phase, it is known to emit its mass, and gradually move to white dwarf. In our composite system, a certain kind specific behavior will be observed when the energy above such upper mass limit is localized. This specific behavior or a certain enhancement may be observed in processes such

∗) Fermi coupling constants G_F is given as^{1)}

G_F = 1.16 × 10^{−5} (ℏc)^3 GeV^{−2}.

∗∗) The validity of gravitational inverse-square law is confirmed only for the distance larger than 1mm in the present stage.^{8)}

as the multiple production of tt̄ pairs. Further, a certain kind of rare processes accompanied with the crash of the composite system may also be observed.

7. CKM matrix and quark mass

The other difference will appear in the relation between the CKM matrix and the quark masses. In the standard model based on the gauge theory of elementary (not composite) particles, CKM matrix is in principle determined by diagonalization of quark mass matrices. In semi-empirical approach to this problem, derivation of the extreme large mass of top quark is often difficult.^{11)} Moreover, the important problem why the u-quark mass is turned from the other leptons and quarks and slightly smaller than the mass of d-quark^{1)} (the Cleopatra problem in leptons and quarks) is essentially hidden in merely the level of tuning of big-quark mass, because the light-quark mass is about 10^{−4} order of the big-quark mass.

In a certain kind of composite model of leptons and quarks, SU(2)_L × U(1) electroweak structure may be introduced in sub-system under a certain kind of conditions. In such case, the quark mass in our model will reflect both the diagonalization of mass matrix of sub-system and the mass concerning to our compositeness. Details of this problem will be discussed elsewhere.

8. Discussion

In this paper, we have investigated a possibility to interpret the existence of bound for generation number supposing a mechanism similar to the Chandrasekhar’s one for degenerate star. We have taken a composite model of leptons and quarks which sub-constituent obeys fermi statistics, and assumed short range Yukawa-type effective potential in Eq. (1). Our model have shown formally the existence of upper bound of mass of leptons and quarks provided that the coupling constant G_s is appropriately chosen. The magnitude of estimated coupling constant G_s is very large compared with the one of the gravitational constant G_N , however, there is no problem so far as it represents the strength of the effective interaction. Can this force be related to the fundamental force? In such case, in order to preserve short range property of this force, the μ parameter in Eq. (1) should be sufficiently large. In the short range correction, C meson (Concentrate meson) theory^{10)} introduced to cancel the ultra-violet divergence should be remembered. Our short range force may be concerned with such approach in anywhere. For further investigation of peculiar short range force, a certain force appearing in non-linear wave equation,^{9)} for example, is interesting.

We have supposed composite system composed of fermion sub-constituents. One of remarkable models of leptons and quarks is the rishon model.^{12), 13)} It is known that almost all quantum number except the electric charge loses its meaning in the extreme space time condition such as black hole. It should be noted that the rishon model is based on the simple concept of the elementarily of electric charge, and in this sense it is natural. In our composite model, the fundamental particles are composed of sub-constituents with fermi statistics. Can the rishon be the sub-constituents of our model? In the nuclear physics, it is known that various mode such as shell model mode or collective mode appears together in a few body system. Then, the rishon model itself can be the model of our composite system. Alternatively, if we modify this model to Thomson-type model,^{14)} where many constituents is distributed in a charge compensating the charges of object, our picture will hold with naturally. Possible another modification is such that a rishon is an assembly of many fermions and the electro charge is carried by a representative fermion. This type model will be formally introduced, for example, in such a way that the color ”degenerates”, that is, not distinguished in exclusion principle, in a model similar to Pati-Salam’s one.^{15)} In this paper,we have shown that existence of super-heavy composite particle are impossible by Chandrasekhar-like mechanism provided that short range effective force is introduced. In our approach, possible effect of quantum fluctuation is already taking into account in the derivation of fermi momentum P_F in Eq. (10). Investigation of problems concerning to further short-range effect, the validity of large coupling constant G_s and the structure of our composie system together with covariant formulation is further problem. Finally, in the development of our model where our effective force is related the fundamental force with universal interaction, it is interesting to investigate possible existence of rare process to emit some energy flowing into braneworld^{16)} etc.

Acknowledgments: This work was supported by Grant-in-Aid of Japanese Ministry of Education, Science, and Culture (15540384).

References

1) Particle Data Group, Particle Physics Booklet.

In this booklet, light quark masses are estimated as m_u = 1.5 - 5 MeV, m_d = 3 - 9 MeV.

For an early work in which the light quark mass is estimated as several MeV, see Y.Tomozawa, Phys. Rev. B 186 (1969), 1504.

2) G.S.Abrams et al.,Phys. Rev. Lett. 63 (1989), 2173;

ALEPH Collaboration,D.Decamp et al.; Phys. Lett. B231 (1989), 519; Phys. Lett. B235 (1990), 402.

3) D.J.Gross and F.Wilczek,Phys. Rev. Lett. 30 (1973), 343; Phys. Rev. D8 (1973), 3633; Phys. Rev. D9 (1974), 980, H.D.Politzer, Phys. Lett. 30 (1973), 1346; Phys. Report 14C (1974) 129.

4) K.Nishijima, Prog.Theor.Phys.Suppl. 86(1986), 253.

5) W.Buchmuller, S.T.Love,R.Peccei and T.Yanagida, Phys. Lett. 115B (1982), 233.

W.Buchmuller, R.Peccei and T.Yanagida, Nucl. Phys. B277 (1983), 503. 6) T.Kugo and T.Yanagida, Phys. Lett. 134B (1984), 313. 7) S. Chandrasekhar, Zeitshrift für Astrophysik, 5 (1932), 321,

JR. Oppenheimer and H. G.M. Volkoff, Phys. Rev. 54 (1939), 455. 8) C. D. Hoyle, U. Schmidt, B.R. Heckel et al. Phys. Rev. Lett. 86 (2001), 1418 9) H.P.Dürr, W. Heisenberg, H. Mitter et al., Naturforsh. 14a (1961), 327. 10) S. Sakata, Prog. Theor. Phys. 2 (1947), 145

S. Sakata and O.Hara, Prog. Theor. Phys. 2 (1947), 30 11) K. Koike, Prog. Theor. Phys. 91 (1994), 161 12) H. Harari, Phys. Lett. B 86,(1979), 83.

M. Shupe, Phys.Lett. B 86,(1979), 87.

H. Harari and N. Seiberg, Phys. Lett. 98B (1981), 269. See also Y. Ne’emann, Phys. Lett. B 82,(1979), 69.

13) K. Koike, Prog. Theor. Phys. 88 (1992), 81. Prog. Theor. Phys. 108 (2002), 1165. 14) See also, S. Tanaka Prog. Theor. Phys. 36 (1996), 607.

15) J. C. Pati and A.Salam, Phys. Rev. D11 (1975), 1137, Phys. Rev. Lett. 36 (1976), 1229.

If the statistical distinguishability concerning to color freedom is frozen, such property in our discussion will be realized.

16) K. Akama, Lecture Notes in Physics, 176, Gauge Theory and Gravitation, Proceedings, Nara, Japan, 1982,(Springer-Verlag), edited by K. Kikkawa, N. Nakanishi and H. Nariai, 267-271, 1983